Two simple and sensitive colorimetric and atomic absorption spectrometric form. The data obtained by the developed methods are compared with the official one.
Introduction
Hyoscine N-butylbromide (scopolamine N-butyl bromide) [ I 49-64-41 is an antispasmodic agent. It is used to treat the painful spasm of the stomach and intestines (including spasm associated with irritable bowel syndrome), reproductive organs and urinary system. Several methods have been reported for the quantitative determination of Hyo.Br including spectrophotometry [I-31, first [ I ,4] and second [5, 6] derivative spectrophotometry, densitometry [7] , HPLC 26] . The British pharmacopoeia [27] recommended a titrimetric method with potentiometric detection of the end point for determination of Hyo.Br. Other methods include conductimetric titration [28] and ionselective electrodes based on different types of ion pairs [29-321 have been reported.
Reaction of the investigated drug with the thiocyanate complexes of cobalt and chromium has not been examined before and also no atomic absorption method for the quantification of this drug has been published. Although densitometric [7] , HPLC methods were reported for the determination of the cited drug yet the proposed colorimetric and atomic absorption methods are less expensive, without loss of the accuracy and hence more suitable for application in quality control laboratories in developing countries. Therefore, the aim of the present work is to develop simple, sensitive and validated visible spectrophotometric and atomic absorption spectrometric procedures for the determination of Hyo.Br based on formation of coloured ion-associates. The optimum experimental conditions are thoroughly studied and under these conditions, the procedures provide highly selective and sensitive methods for determination of the drug in commercial dosage form.
Experimental

Reagents and solutions
All chemicals and reagents were of analytical grade and water was always bi- freshly prepared by dissolving 0.01 mole of cobalt, as CoCI2.6H20 and the required amount of ammonium thiocyanate (0.04 mole), in 100 ml bi-distilled water. 10" M aqueous solution of Hyo.Br was used as a standard solution. Sodium chloride (0.1-1.0 molll) was used to control the ionic strength of the medium, while HCI and NaOH (0.001-1 . OO molll) were used to adjust the pH.
Apparatus
A Perkin-Elmer UV-Vis spectrometer model Lamda 1 with quartz cells of 1 crn optical path length was used. A Perkin-Elmer 2380 atomic absorption spectrometer was used with a hallow cathode lamp for cobalt at 240.7 nm, slit width 0.2 nm and current lamp 30 mA and a hallow cathode lamp for chromium at 357.9 nm, slit width 0.7 nm and current 25 mA. Air-acetylene flame was used for all measurements. All pH measurements were made with Metrohm titroprocessor model 682.
Preparation of the solid ion-associates
The solid ion-associates were prepared by mixing 0.01 mole of the metal reagents with the calculated amount of the drug to prepare 1 : I and 1 :2 reagent:drug in case of CoTC and 1 :I, 1 :2 and 1 :3 in case of CrTC. The precipitates were filtered, thoroughly washed with bi-distilled water, dried at the room temperature and subjected to elemental analysis (C, H and N) at the Microanalytical Center, Faculty of Science, Cairo University. The metal content was determined by using atomic absorption measurement. The stoichiometry of the formed ion-associates was determined by mole ratio and continuous variation methods [34, 35] .
General Procedure
Spectrophotometric method
Into a 50 ml separating funnel, a volume containing 1.80-21.63 mg of Hyo.Br was transferred, 3 ml of lom2 M CoTC or CrTC were added and the total volume was completed to 25 ml with bi-distilled water. The formed Hyo-CoTC ion-associate was extracted with 10 ml methylene chloride by shaking for 6.0 min, while HyoCrTC was extracted with 7.5 ml isobutyl alcohol by shaking for 4.0 min. The extraction process is repeated twice with the same amount of solvents to be sure of complete recovery of the ion-associates. The reaction mixture was allowed to separate into two phases then the organic layer was collected, dried over anhydrous sodium sulphate and completed to 25 ml with the same solvent. The absorbances of the extracts were measured at the recommended Xma, against a reagent blank prepared in the same manner.
Atomic absorption method
To different aliquots of M drug solution (0.40-2.83 mg) in 10 mi measuring flask, 3.5 ml M standard CrTC were added and then the total volume of the solution was completed to the mark with 1.0 M NaCl adjusted to pH 5.0 using 0.001 M HCI. In case of CoTC, the concentration of the drug and reagent were lo-' M (4.04-16.17 mg Hyo.Br and 3.5 ml lo-' M CoTC, respectively) and then the total volume was completed to 10 ml with 0.3 M NaCl solution adjusted to pH 6.0.
The solution was shaken well and filtered through Whatman filter paper (No. 42).
2.0 ml portion of the filtrate was acidified with 1 ml concentrated nitric acid and completed to 10 ml with bi-distilled water. The absorbance of the unreacted metal ion was measured at the recommended wavelengths, subtracted from the absorbance of the blank solution and hence the resulting absorbance value was used in determination of the drug concentration from calibration graphs prepared by the same method.
Assay of buscopan ampoules
For analysis Hyo.Br in pharmaceutical formulation, ten ampoules of buscopan (20 mglml) product were mixed and 10 mg transferred in 25 ml calibrated flask then analyzed in the same way as the pure solution using the general procedures.
Results and discussion
Spectrophotomertic method
Careful investigations were carried out to establish the most favorable conditions to achieve maximum colour intensity in quantitative determination of Hyo.Br. The absorption spectra, under the optimum conditions, are shown in Fig. 1 , which revealed that the ion-associates with CoTC and CrTC absorbed maximally at 630 and 557 nm, respectively. The reagent blanks prepared under similar conditions showed no absorption.
Nature of the medium
The reaction between Hyo.Br and the cited reagents was performed in 
Selecting of the extracting solvent and optimization of the extraction procedure
Several organic solvents such as toluene, chloroform, and isobutyl alcohol,
benzene and carbon tetrachloride were tested for extraction of the ion-associates in order to provide an applicable extraction procedure. Methylene chloride and isobutyl alcohol were preferred for selective extraction of Hyo-CoTC and Hyo-CrTC from the aqueous phase using 10 and 7.5 ml (for efficient extraction), respectively. Double extractions were adequate to achieve quantitative recovery of the coloured product, with shaking time 6.0 and 4.0 min (Fig. 2) for Hyo-CoTC and Hyo-CrTC ionassociates, respectively. The coloured extracts were stable for more than 24 h in both examined systems.
Stoichiometry and formation constants of the ion-associates
The composition of the ion-associates was studied by Job's method of continuous variation and the mole ratio method. A , is the absorbance corresponding to the intersection of the two tangents of the curve in Figure 3 , C is the concentration corresponding to maximum absorbance, n is the amount of the drug in the reaction product. Using this equation, Kf was found to be 6.42~1 o6 and 1.51~1 o3 for Hyo-COTC and Hyo-CrTC, respectively.
The Gibbs free energy change of the reaction was also calculated adopting the following equation:
where AG is Gibbs free energy of the reaction, R is the universal gas constant, T is the absolute temperature and Kf is the formation constant of the reaction.
The values of AG were found to be -9.34 and -4.36 Kcallmol for Hyo-CoTC and Hyo-CrTC, respectively. The negative sign of AG points out the spontaneous nature of the reactions.
Atomic absorption method
The method is based on precipitation of the drug with a slightly excess of CoTC or CrTC followed by measuring the absorbance of the unreacted metal ion in the filtrate. Accordingly, the quantitative determination of the drug could be performed.
The optimum pH and ionic strength values, at which the ion-associates exhibit the lowest solubility, have been investigated. The method based on addition of solid ion-associates to a series of solutions (each of 25 ml) of NaCI-HCI and NaCI-NaOH of different pH and ionic strength values. The solution-solid mixtures were shaken for 4-6 hours and left to stand for at least one day, to attain the equilibrium, and then the metal ion content was measured using atomic absorption spectrometer. The results showed that the optimum pH and ionic strength values were 6.0 and 0.3 for Hyo-CoTC while 5.0 and 1.0 for Hyo-CrTC ion-associate.
Validation of methods
Spectrophotometric method
Under the optimized experimental conditions, there was a linear correlation between the absorbance and the drug concentration over the ranges 144.20-865.20 and 72.00-640.00 pglml with molar absorptivities 3 . 5 6~1 0~ and 0 . 9 0~1 0~ I mol'l cm-' and sandell's sensitivities 1.24 and 4.90 pg/cm2 for CoTC and CrTC, respectively, Table 1 . The linear regression analysis using the method of least squares was applied to evaluate the slope, intercept and correlation coefficient values. The results, Table I , showed good linearity of the calibration graphs (r 2 0.9977) and the intercepts are close to zero. Linearity was also evaluated from the standard deviation of the slope (Sb) and found to be s 8.09~10-~. Optimization of the linear application ranges (Ringbom) was evaluated by plotting the percentage of transmittance vs. the logarithmic value of the concentration in pglml. The confidence interval of intercepts at 95% level were calculated and found to be 3.80x10-* and 7.33x10-~ for CoTC and CrTC, respectively, which means that the calculated intercept is not significantly different from zero. Thus, the present method is free from constant errors independent of the concentration of Hyo.Br.
The sensitivity of the present method was checked by calculating the limit of detection and the limit of quantification which were found to be 5.56 and 14.03 pglml 
Atomic absorption method
The ion-associates of a standard series of Hyo.Br were precipitated in 0.3 or In order to establish whether the proposed method exhibits any fixed or proportional bias, a simple linear regression of observed drug concentration against the theoretical values obtained using the official method was calculated. The Student t-test (at 95% confidence level) and F-test were applied [37] . The calculated t and F-values were found be lower than the tabulated values at 95% confidence limit. This means that there is no systematic difference between the determined and true concentrations; thus, the proposed method is of the same accuracy as the official method [27] . The results of statistical treatment of data are presented in Table 2 . and magnesium stearte (which may be present in its pharmaceutical preparation) applying spectrophotometric and atomic absorption spectrometric procedures. The results indicate that up to 50 fold excess do not interfere (absorbance changes by +3.0% in the absorbance of is non-interference) which may be present in its pharmaceutical preparation.
Analytical Applications
Determination of Hyo.Br in its dosage form checks the validity of the proposed methods. Buscupan injection (20 mg Hyo.Br/ml) was analyzed spectrophotometrically and by atomic absorption using the mentioned reagents.
The results were recorded in Table 3 , and compared statistically with the official method [27] , reveal that recoveries were in the range 99.65k1.50 to 101.60k0.18
reflecting a high accuracy, in addition to the high precision indicated by very low values of relative standard deviations ( I 1.84).
The validity of the proposed methods was evaluated by statistical analysis between the results obtained and that of the official method [27] . Regarding the calculated student's t-test and variance ratio F-test (Table 3) , there is no significant difference between the proposed and the official method regarding the accuracy and precision.
Comparison with other methods
The performance of the proposed method was compared with those of other existing spectrophotometric methods ( Table 4 ) that reveals that the proposed methods are of comparable sensitivity, precision and accuracy, moreover the present methods are of better dynamic range. Therefore, following the recommended procedures, one can easily assay Hyo.Br within short time (5-15 min) of mixing the reagents in an aqueous (atomic absorption procedure) and non-aqueous (spectrophotometric procedure) media.
Conclusion
The proposed methods are simple and rapid. They do not involve tedious procedural steps or expertise like HPLC and other methods. In addition, the reagents and equipment used in the present study are inexpensive and common in most of the quality control laboratories. 
